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In this work, we propose three-dimensional photonic circuit designs that guarantee a considerable
reduction in the complexity of circuits for the purpose of performing quantum state tomography of
N -dimensional path qudits. The POVM (Positive Operator-Valued Measure) chosen in this work
ensures that, for odd dimensions, such process is minimal. Our proposal consists of organizing
the waveguides that form the circuit as a square array formed by N vertical sectors composed
of N waveguides each, arranged in the vertical direction. Based on the symmetry of the chosen
POVM, the interferometer acting on the initial quantum system can be divided into a sequence of
three different unitary operations. These operations act independently on each vertical sector, or
layer, of the circuit, which simplifies their determination. We have thus obtained circuits such that
the number of beam splitters obeys a polynomial function of degree 3 with the quantum system
dimension, whereas in current proposals this quantity grows with a polynomial function of degree
4. Besides that, the optical depth is reduced from a quadratic to a linear function of the quantum
system dimension in our scheme. These results confirm the remarkable reduction of the complexity
of the photonic circuits in our proposal.
PACS numbers: 03.67.a, 03.67.Lx, 42.82.m, 42.82.Et
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I. INTRODUCTION
An important experimental achievement within the
field of quantum information is the ability to reconstruct
density matrices of unknown quantum states. This is
done through the technique of quantum state tomogra-
phy [1–6]. Such technique consists in the realization of
a specific set of measurements on several identically pre-
pared quantum states and, from the results of these mea-
surements, reconstruct its density matrix [7–9]. Quan-
tum state tomography has been used to determine the
density matrix of many different quantum systems, such
as the spin and the energy levels of trapped ions [10, 11],
molecules [12], and photons [2, 4, 8, 13–15].
There are many ways to perform quantum state to-
mography [16–21], but, in this work, we choose the one
based on POVMs via equidistant states [22]. This ap-
proach ensures that the unknown state of the quantum
system is reconstructed with the minimum number of
measurement outcomes, without any previous informa-
tion about it. This feature guarantees a minimization of
the experimental errors involved in the process. An N -
dimensional POVM that implements minimum quantum
tomography has N2 elements. It is shown in Ref. [22]
that a POVM tomography via equidistant states is able
to reconstruct an N -dimensional density matrix with N2
measurements when N is odd and 3N2/2 measurements
when N is even. This larger number of measurements
in the case of even dimension, in relation to the odd di-
mension case, is justified by a small modification made in
the initial state before passing through the measurement
∗Electronic address: will.rodrigues.fis@gmail.com
apparatus, a necessary extra step to avoid the cancella-
tion of some terms of the density matrix in the Born rule,
preventing its determination.
Knowing that each quantum operation is done experi-
mentally through a specific setup on an optical table, per-
forming a set of operations requires several reconfigura-
tions of such setup, increasing the errors associated with
the measurements and the time spent in the experiment.
An alternative to all this is the use of static photonic cir-
cuits [23]. Static circuits are those where the quantities
that define it are kept fixed during the measurement pro-
cess. Thus, it is possible to use a single apparatus where
all measurements are made simultaneously to perform
quantum state tomography optimally. This type of cir-
cuit, besides being stable and scalable [24], presents itself
as more compact than others, since it can be constructed
using single beam splitters as building blocks, instead of
using Mach-Zehnder interferometers [25]. Photons at the
exit of the quantum tomographic circuit can be detected
by click detectors, which simplifies the setup. Photon
number resolving detectors are not necessary for this ap-
plication [26–28].
In this work, we seek to develop a method of obtain-
ing the design of a 3D photonic circuit that performs full
quantum state tomography in one-qudit systems of any
finite dimension N > 3 represented, in practice, in the
base of photon-path states. The photon-path states in a
photonic circuit are defined by N waveguides and form
a state space of dimension N . The qudit input state, for
one input single photon, is a state written in terms of
these N photon-path states. Our method has no advan-
tage in the case of qubits in relation to planar circuits
[29, 30].
The paper is divided in three sections. In Section II,
we define the equidistant states, construct through them
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2the POVM used in the full quantum state tomography
and relate the probabilities associated with the POVM
elements with the density matrix elements of the quan-
tum state under study. In Section III, our proposal itself
is presented. We use the strategy of dividing the inter-
ferometer into three distinct unitary operations that act
independently between layers or vertical sectors. As a
result, we have achieved a considerable reduction in the
complexity of the photonic circuit. The number of beam
splitters in our proposal scales as a lower degree poly-
nomial function than in other known proposals [25, 31].
The same happens with the optical depth, quantity de-
fined as the maximum number of beam splitters traversed
by a photon from its input port until its output port from
the circuit. Our conclusions are presented in Section IV.
II. EQUIDISTANT STATES AND POVM
ELEMENTS
For the construction of the POVM used in our proposal
of photonic circuits for quantum state tomography, we
are interested in a set of N nonorthogonal state vectors
AN (|ϕm〉) that satisfy the following condition
〈ϕm|ϕn〉 = α = |α|eiθ, ∀m 6= n. (1)
The inner product between any two elements of
AN (|ϕm〉) is always equal to α or its complex conjugate
α∗. Due to this property, the vectors of this set are called
equidistant states [22, 32]. The analysis of the Gram de-
terminant makes it possible to determine if AN (|ϕm〉)
is linearly independent (LI) or linearly dependent (LD)
[33]. This determinant is defined as
DN×N = det

1 α α · · · α
α∗ 1 α · · · α
α∗ α∗ 1 · · · α
...
...
...
. . .
...
α∗ α∗ α∗ · · · 1

N×N
, (2)
which can be rewritten as
DN×N =
α (1− α∗)N − α∗ (1− α)N
α− α∗ . (3)
The set AN (|ϕm〉) is linearly independent if, and only
if, DN×N 6= 0. Therefore, as already discussed in pre-
vious works [33, 34], in a LI set of vectors, the absolute
values of the inner product α must satisfy the following
restriction
0 6 |α| < |αLDθ |, (4)
where αLDθ is the value of the inner product when such
a set is LD. The constant αLDθ depends directly on the
quantities θ and N as follows [22, 33]
αLDθ =
sin
(
pi − θ
N
)
sin
(
θ +
pi − θ
N
) , 0 6 θ < 2pi. (5)
Another known result is that a set of equidistant states
is also symmetric when the inner product α is a real
number, that is, θ = 0 or θ = pi [22, 34]. In these cases,
we obtain αLD0 = 1 and α
LD
pi = (N − 1)−1, respectively.
The canonical decomposition of the equidistant states
is given by [22, 32]
|ϕm〉 = 1√
N
N−1∑
k=0
(ωk)
m
√
λk |k〉 , (6)
where the state vectors set {|k〉} represents an orthonor-
mal basis in the Hilbert space, m = 0, 1, ..., N − 1,
ωk = e
−2i(θ−kpi)/N , (7)
and
λk = 1− |α|
sin
(
θ +
kpi − θ
N
)
sin
(
kpi − θ
N
) . (8)
Thus, to ensure symmetry properties, θ = pi is chosen,
since θ = 0 generates null state vectors. With this value
for θ, the canonical decomposition is simplified to
|ϕm〉 = 1√
N − 1
N−1∑
k=0
k 6=1
e2ipim(k−1)/N |k〉 . (9)
The index m assumes N different values, generating a
number of state vectors smaller than necessary to con-
struct all the POVM elements required by the process
of quantum state tomography. Thus, it is necessary to
derive other sets of equidistant states from the initial set
AN (|ϕm〉) by the application of a specific operator Xˆ
which acts as follows [22]
Xˆ |k〉 = |k ⊕ 1〉 , (10)
where the symbol ‘⊕’ represents an addition modulo N .
These new vector sets are defined as
A
(l)
N (|ϕm〉) = {|ϕml〉 = Xˆ l |ϕm〉}, (11)
where l = 0, 1, ..., N − 1. The POVM elements needed
for the tomographical process are constructed from the
states |ϕml〉 of Eq. (11) by the relation
Eˆml =
1
N
|ϕml〉 〈ϕml| . (12)
The constant 1/N comes from the completeness prop-
erty of the POVM [35]. The POVM formed by the el-
ements Eˆml defined in Eq. (12) is a SIC-POVM (Sym-
metric Informationally Complete POVM) only for the
particular case where N = 3 [22]. The calculation of
the probability associated with each POVM element is
3done by the Born statistical formula Pml = Tr(ρˆEˆml),
resulting in
Pml =
1
N
N−1∑
r,s=0
ρrse
2ipim(r−s)/N√λr−lλs−l, (13)
where ρˆ is the density operator that represents the un-
known state in an N -dimensional Hilbert space and the
subtractions in the subindexes of λ are carried out mod-
ulo N . Thus, in possession of all experimental probabil-
ities Pml, it is possible to obtain a N
2 equations system
with N2 variables through the Eq. (13). Solving them,
one obtains the values of all matrix elements ρrs, and
consequently, the density matrix of the system is deter-
mined.
A setback was reported in the even-dimension cases
[22]. Such a problem is perceived most clearly when we
rewrite the equation that defines the probability Pml in a
different way. When rewriting the Eq. (13), we see that,
in its new form, the following term appears∑
r>s
[Re(ρrs) cos Ω− Im(ρrs) sin Ω]
√
λr−lλs−l, (14)
where Ω = 2pim(r−s)/N . When N is even, we will have,
in some cases, r − s = N/2, which implies Ω = mpi and,
thereby, sin Ω = 0. In such cases, the determination of
Im(ρrs) becomes impossible. To overcome this problem,
a quantum operation is applied to the density matrix of
the system in order to enable the determination of such
density matrix elements. The price paid for performing
this extra step in the process is to increase the number
of measurements required from N2 to 3N2/2 [22].
III. PHOTONIC CIRCUITS DESIGN
In our previous work [30], we discussed the tomo-
graphical photonic circuits for qubit and qutrit quan-
tum systems. Planar circuits were proposed for these
two cases and, considering the practical inviability of de-
signing a planar circuit for the case N = 4, we made
brief comments on how interesting is the use of three-
dimensional architectures for manufacturing photonic
circuits for quantum tomography. The generalization of
tomographical photonic circuits for N -dimensional states
(N > 3) are discussed here in detail.
We use a 3D structure for the circuits since this choice
allows us to design more compact layouts. Our interfer-
ometer is constructed as a square array ofN2 waveguides,
where N parallel vertical sectors contains N waveguides
arranged in the vertical direction. The transverse section
of the circuit is shown in Fig. 1, where the vertical sectors
are labeled by the letter l and the layers, by the letter m.
Thus, each path state will be identified as a vector |ml〉
(m, l = 0, 1, ..., N − 1). In this proposal, the path qudits
must enter the circuit through the inputs belonging to
the layer m = 0 or layer m = N − 1.
FIG. 1: Transverse section of the photonic circuit inputs. The
black circles represent the waveguides. The vertical sectors
are labeled by the letter l and the layers, by the letter m.
It was already proved that the used equidistant states
POVM is informationally complete [22]. Therefore,
this POVM is able to realize quantum tomography of
any quantum general state, including general mixed
state. Therefore, a photonic circuit that implements this
equidistant states POVM is able to realize quantum to-
mography in any input qudit general mixed state. We
will use a input pure state in the circuit derivation only
because is more pedagogical, but our proposal is general
for any input qudit state quantum tomography. So, we
chose as input state
|ψ〉 =
N−1∑
l=0
al |0l〉 . (15)
The proposed photonic circuit is divided into three
parts, each one implementing a different unitary opera-
tion. These operations act sequentially, that is, the final
state in one of them serves as the initial state for the next
one. These operations will be discussed in detail in the
following subsections.
A. First Part: Decomposition
In the first part of the circuit, we are interested in
a unitary operation that acts in each vertical sector l
independently and realize the following transformation
on each component of the input state
al |0l〉 7−→ al√
N − 1
N−2∑
m=0
|ml〉 . (16)
Thus, it creates a superposition of N − 1 components,
occupying almost all the paths of each vertical sector.
The arrangement of beam splitters that realize this trans-
formation is shown in Fig. 2 and is formed by a diagonal
line composed of N − 2 beam splitters. The transmit-
tance tk and the reflectivity rk of the beam splitter Tˆk,
4FIG. 2: Arrangement of beam splitters for the first part
of the tomographical photonic circuit. The black lines are
the waveguides. The beam splitters, labeled by Tk (k =
1, 2, ..., N − 2), are represented by the approximation of these
lines.
FIG. 3: Schematic representation of the decomposition oper-
ation. On the left, we have the distribution of the coefficients
of the ququart state
∑3
l=0 al |0l〉 at the input ports of the first
part of the circuit. Here, only the first layer paths are occu-
pied. On the right, we present the distribution of the state
coefficients after the application of the decomposition opera-
tion. The coefficients al were diffused by N − 1 layers in each
vertical sector l. The normalization term 1/
√
3 was omitted
in the figure on the right.
where k = 1, 2, ..., N − 2, in Fig. 2, are defined by
tk =
k
k + 1
, rk =
1
k + 1
, (17)
The same arrangement will appear in all vertical sec-
tors, so that N(N − 2) beam splitters will be needed to
implement this first part of the circuit. This part has an
optical depth of N − 2.
In order to elucidate the application of this first trans-
formation, consider as an example a ququart system
(N = 4). Assuming that the input state is
∑3
l=0 al |0l〉,
Fig. 3 presents the schematic distribution of its coeffi-
cients before and after the application of the decomposi-
tion operation performed in this first part of the circuit.
B. Second Part: Permutation
Unlike the first part of the circuit, the permutation
operation in the second part of the interferometer acts
independently in each horizontal layer, between vertical
sectors. The operation made on the input state in this
(a)For m = N − 4 and υ = 3
(b)For m = N − 3 and υ = 2
(c)For m = N − 2 and υ = 1
FIG. 4: Beam splitters arrangement that realizes the permu-
tation Γˆm in the last layers of the interferometer, for the cases
where m > 1. All beam splitters have transmittance equal to
1.
FIG. 5: Schematic representation of the permutation opera-
tion. The left and right frames are, respectively, the input and
output of the circuit second part. On the right, in each ver-
tical sector, we have the coefficients of the base states which
form the equidistant states in Eq. (11). The normalization
term 1/
√
3 was omitted.
5part of the circuit is different in each layer and can be
represented by the following relation
Γˆm |ml〉 = |m〉 |l ⊕ υ〉 , (18)
where υ = N−(m+1) andm > 1. An addition moduloN
is realized in the sector index l with such operation being
a function of the layer index m. Thus, in each vertical
sector l, the following transformation is performed
1√
N − 1
N−2∑
m=0
al |ml〉 7−→ 1√
N − 1
N−2∑
m=0
al−υ |ml〉 , (19)
where the subtraction in the subindex of al−υ is carried
out modulo N . The last three permutations of a gen-
eral circuit are shown in Fig. 4. Analyzing the layers it
is possible to see a pattern in the arrangement of beam
splitters. The arrangement in the layer m is formed by υ
diagonal lines with N −υ beam splitters each. Thus, the
number of beam splitters needed to implement this sec-
ond part of the interferometer is equal to
∑N−2
υ=1 υ(N−υ)
and it has an optical depth of N−1. Another interesting
feature of this part of the circuit is that all beam splitters
are equal. All of them only transmit, that is, they have a
unit transmittance (t = 1) and a null reflectivity (r = 0).
Following our example from the previous subsection,
a ququart state, we present in Fig. 5 the action of the
second part of the circuit, explaining the distribution of
its coefficients by the interferometer sites before and after
the application of the permutation operators Γˆm, defined
in Eq. (18).
C. Third Part: Fourier Transform
The third and last part of the circuit is responsible for
the execution of a Fourier transform. This transforma-
tion is done independently in each vertical sector. It acts
on the post-processing quantum state given by Eq. (19)
and transforms it into another quantum state of the form∑
ml βml |ml〉. This transformation is the same for all
vertical sectors and is represented by a unitary matrix Uˆ
that performs the following operation
Uˆ ·

al+1−N/
√
N − 1
al+2−N/
√
N − 1
...
al−1/
√
N − 1
0
 =
1√
N(N − 1)

β0l
β1l
...
β(N−2)l
β(N−1)l
 ,
(20)
where the operations in the subindexes of al−υ are carried
out modulo N and the coefficients βml are defined as
βml =
N−1∑
k=0
k 6=1
ak+le
2ipim(k−1)/N , (21)
where, again, the operations in the subindexes of ak+l
are carried out modulo N . Equation (21) guarantees the
validity of the following relation
1
N(N − 1) |βml|
2 = Tr
(
ρˆEˆml
)
, (22)
i.e., the probability of detecting a photon emerging from
one of the circuit outputs is equal to the probability asso-
ciated with the POVM element Eˆml, defined in Eq. (12).
When we obtain these probabilities experimentally, we
are able to reconstruct the density matrix of the system
under study with the use of Eq. (13).
To ensure that the last part of the circuit perform such
a transformation, it is necessary to implement the follow-
ing unitary operation described by the matrix [36]
Uˆ =
1√
N

1 1 · · · 1 1
σ σ2 · · · σN−1 1
σ2 σ4 · · · σ2(N−1) 1
...
...
. . .
...
...
σN−1 σ2(N−1) · · · σ(N−1)(N−1) 1
 ,
(23)
where σ = e2ipi/N . The implementation of this last part
is done using an analogous scheme to the Clements’s
one [25], where the Mach-Zehnder interferometers are re-
placed by single beam splitters. This exchange is justified
by the fact that our proposal consists of static circuits.
Clements’s method consists of realizing photonic cir-
cuits formed by combination of diagonals arrangements
of beam splitters, so that the relation between the matri-
ces representing these optical elements and the unitary
operation Uˆ to be implemented is(∏
η
Tˆη
)
Uˆ
∏
η′
Tˆ−1η′
 = Dˆ, (24)
where Dˆ is a diagonal matrix. The beam splitters rep-
resented by the matrices Tˆ−1η′ are positioned from top to
bottom, from left to right. On the other hand, the beam
splitters represented by the matrices Tˆη are positioned
from the bottom to top, from right to left. This circuit
design is loss-tolerant and maintains high fidelity even
for high dimensional quantum systems [25].
Figure 6 shows the arrangement of beam splitters and
phase shifters that implement the last part of the circuit
(for N = 3, 4, 5), whose matrix representation is given
by Eq. (23). As these arrangements are repeated in all
vertical sectors, it has, in this last part, N2(N − 1)/2
beam splitters and the optical depth is N .
We continue with the ququart system analysis. The Uˆ
matrix in Eq. (23) for this case is
Uˆ4 =
1
2
−i i −1 11 1 1 1−1 −1 1 1
i −i −1 1
 , (25)
6(a)N = 3
(b)N = 4
(c)N = 5
FIG. 6: General arrangement of beam splitters for realizing
photonic circuits that implement Fourier transform for N -
level quantum systems. The blue rectangles are phase shifters.
FIG. 7: Specific beam splitters arrangement that implements
the Fourier transform for a ququart system. The blue rect-
angles are phase shifters φ = pi/2 and the red triangles are
phase shifters φ′ = pi.
and the specific arrangement of beam splitters that im-
plements it is presented in Fig. 7. Note that a permu-
tation has been made between the first two rows of the
matrix in Eq. (23). The acting of this operation is repre-
sented schematically in Fig. 8. In Fig. 9, it is presented
a tri-dimensional scheme of a whole photonic circuit for
performing quantum state tomography of path ququarts.
D. General Advantages
With the information presented in the previous sub-
sections, we can get an expression that gives the number
of beam splitters nBS and the optical depth OD of an N -
FIG. 8: Schematic representation of the Fourier transform
operation. The right frame shows the implemented POVM
elements at each waveguide output. Single photon counts at
this outputs are proportional to the photon detection proba-
bility in each interferometer output, i.e, are proportional to
Tr(ρˆEˆml), where the operator Eˆml is defined in Eq. (12). The
proportionality constant, in this case, is equal to the sum of
the single photon counts of all interferometer outputs.
dimensional interferometer (N > 3). Such expressions
are, respectively
nBS(N) =
1
2
[
N3 +N2 − 4N +
N−2∑
υ=1
2υ(N − υ)
]
(26)
and
OD(N) = 3(N − 1). (27)
In order to demonstrate the main advantage of our
proposal to generate more compact circuits, we compare
the number of beam splitters and the optical depth of our
scheme with those by Reck et al. [31] and Clements et
al. [25]. In Fig. 10(a) is shown the comparison between
the number of beam splitters required in each scheme.
It is possible to notice that even for small values of N ,
our scheme presents itself as more economic than the
others. This is due to the fact that the number of beam
splitters scales as a degree 3 polynomial function with the
quantum system dimension [Eq. (26)], while, in the other
schemes, a degree 4 polynomial function is obtained.
A comparison between the optical depths of the
photonic circuits was also made and is presented in
Fig. 10(b). While our scheme optical depth is given by a
linear function in terms ofN [Eq. (27)], the other schemes
have a optical depth that changes quadratically as func-
tion of N . This corroborates the fact that our tomo-
graphic circuit is more compact than circuits conceived
via other proposals. As a result, it implies that this pho-
tonic circuit has less losses than the others schemes for
the realization of the quantum state tomography of qu-
dits.
E. Errors and Losses
It is common knowledge that, in experiments with pho-
tonic circuits, the occurrence of errors and losses is com-
monplace and impossible to avoid. Thus, it is interesting
7(a)Perspective view.
(b)Side view.
(c)Top view.
FIG. 9: Tri-dimensional scheme of a proposed photonic circuit for performing quantum state tomography of path ququarts
system. The first part (decomposition) is presented in green, the second part (permutation) in orange and the third part
(Fourier transform), in purple. The blue cubes represent phases shifters φ = pi/2 and red triangles, phases shifters φ′ = pi. In
(c), we adopted different colors to distinguish the waveguides of different layers in the second part of the circuit: the red guides
belong to the layer m = 1 and the yellow guides, to the layer m = 2.
to obtain methods for the determination of interferome-
ters that guarantee a reduction in such occurrences.
To simplify the discussion of losses in photonic circuits,
we will define two different types of losses: balanced and
unbalanced losses [25]. Balanced losses are those where
all circuit paths experience equal losses. Thus, a large
proportion of the balanced losses can be considered to be
characterized by propagation losses. As such losses occur
as a function of the circuit size, a proportionality relation-
ship between propagation losses and the optical depth of
the photonic circuit can be established. Therefore, we
can conclude that, as shown in Fig. 10(b), the circuits
designed using our method show a considerable reduc-
tion in their balanced losses, since their optical depth
assumes very small values.
On the other hand, when there are different losses in
each circuit path, we say that these losses are unbal-
anced. These losses are typically caused by beam split-
ters, mainly due to bending losses and scattering [25].
Thus, to evaluate the impact of unbalanced losses on the
results of experiments with photonic circuits designed us-
ing our method, a simple model where all beam splitters
experience equal losses was used. We calculate the fi-
delity of the transformation performed by the interfer-
ometer with imperfect beam splitters, described by the
operation Uˆd, in relation to the ideal interferometer, de-
scribed by Uˆ . The fidelity indicates how accurate the
result of an experiment carried out with the lossy inter-
ferometer is in relation to the ideal case. For this calcu-
lation, we use the following expression
F (Uˆ , Uˆd) =
∣∣∣∣∣∣∣∣
Tr
(
Uˆ†Uˆd
)
√
NTr
(
Uˆ†d Uˆd
)
∣∣∣∣∣∣∣∣
2
. (28)
Figure 11 shows the relation between the fidelity
F (Uˆ , Uˆd) and the loss per beam splitter, considered the
same in all the beam splitters, for qutrit and ququart
systems. Besides the fidelity in our photonic circuits are
similar to that presented in the Ref. [25], it is noteworthy
that, even in a case where each beam splitter experiences
a loss equal to 2 dB, interferometers designed via the
method presented in this paper have a fidelity of approx-
imately 0.9.
8(a)
(b)
FIG. 10: Comparison between the (a) number of beam split-
ters and (b) optical depth of the photonic circuit obtained
by our 3D scheme and by the Clements’s and Reck’s schemes
[25, 31]. The axes of the inset graphs shows, with more details,
(a) the comparison between the number of beam splitters in
lower dimensions and (b) our scheme optical depth.
In addition to the photonic circuit intrinsic losses dis-
cussed in the previous paragraphs, errors inherent in
the physical implementation are also present. To deal
with such setbacks, an experimental test of this three-
dimensional photonic circuit should be realized with sin-
gle photon sources. Ideal single photon sources, i.e., a
source that emit single photons on demand are still not
available. Nevertheless, a two-photon light source pro-
duced, for example by a spontaneous parametric down
conversion (SPDC), could be used. One of the photons
will be transmitted by the photonic circuit and detected
in coincidence with the second photon of the pair, that
propagates in free space or in a fiber and its detection
is used as a trigger what guarantees that the quantum
tomography is done in the single-photon regime.
FIG. 11: Fidelity as a function of loss per beam splitter
in three-dimensional tomographical circuits for qutrit and
ququart systems.
IV. CONCLUSION
In this work we were able to present a proposal for
realizing quantum state tomography in 3D photonic cir-
cuits. We show that adopting the strategy of dividing the
circuit into three different parts with operations acting
independently in each vertical sector or layer, consider-
ably reduces the complexity of the tomographic photonic
circuit, as shown in Fig. 10.
With the reduction of the photonic circuit complexity,
one also reduces the difficulty of its production and the
incurrence of losses and noise. In our scheme, the de-
tection of the photons that emerge from each output of
the circuit are made simultaneously, which optimizes the
time spent in the experiment, also cooperating to reduce
noise in the experimental data. This set of advantages
shows the good applicability of our proposal in the de-
sign of 3D integrated circuits for performing quantum
state tomography in path qudits.
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